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E-mail address: andras.szigeti@aok.pte.hu (A. SzigWe found that overexpression of tail interacting protein of 47 kDa (TIP47), but not its truncated
form (t-TIP47) protected NIH3T3 cells from hydrogen-peroxide-induced cell death, prevented the
hydrogen-peroxide-induced mitochondrial depolarization determined by 5,50,6,60-tetrachloro-
1,10,3,30-tetraethyl-benzimidazolylcarbocyanine iodide (JC1), while suppression of TIP47 in HeLa
cells facilitated oxidative-stress-induced cell death. TIP47 was located to the cytoplasm of untreated
cells, but some was associated to mitochondria in oxidative stress. Recombinant TIP47, but not t-
TIP47 increased the mitochondrial membrane potential (Dw), and partially prevented Ca2+ induced
depolarization. It is assumed that TIP47 can bind to mitochondria in oxidative stress, and inhibit
mitochondria mediated cell death by protecting mitochondrial membrane integrity.
 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction philin and perilipin, little is known about the possible functionsLipid droplets participate in lipid metabolism and intracellular
trafﬁcking of lipids and triacylglycerol (TAG). PAT family surface
proteins are components of the plasma membrane and they inﬂu-
ence cellular lipid metabolism and also insulin signaling, by means
of controlling access of lipases to stored lipid esters [1]. Tail inter-
acting protein of 47 kDa (TIP47) and its distant homologs adipophi-
lin and perilipin are constituent members of the PAT family
proteins. Recently, adipophilin and perilipin were reported to orga-
nize in clusters in the plasma membrane that enhances the trafﬁc
of free fatty acids during lipid loading [2]. Compared with adipo-chemical Societies. Published by E
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TIP47 was found to be expressed in different tissues, binds to li-
pid droplets [3,4] and unlike other PAT proteins, it also occurs in
the cytosol and on endosomal membranes, and shuttles between
these two compartments [5]. It has been also demonstrated that
TIP47 returns mannose 6-phosphate receptors from the late endo-
somes back to the trans-Golgi network [6], and binds to Rab9
GTPase [5,7]. TIP47 can reorganize liposomes into small lipid discs,
and it is recruited to lipid droplets (LDs) by its 11-mer repeats se-
quence [8]. Silencing TIP47 production in HeLa cells led to a cellu-
lar growth arrest [7], destabilized Rab9 [5], decreased the
integration of TAG into lipid droplet and blocked their maturation
[8]. It was found that the N-terminal regions of adipophilin and
TIP47 are primarily responsible for their classiﬁcations and their li-
pid related functions [9].
TIP47 (or PP17b) was also reported to be a blood marker for hu-
man uterine cervical cancer [3,4,10–12] and a possible biomarker
for cervical dysplasia and invasive carcinoma [13]. However, to this
date, there is no data available for its possible role in tumor
development, or in regulation of cell death. Here we provide the
ﬁrst evidence that TIP47 can bind to mitochondria and protect
mitochondrial membrane integrity, as well as prevent oxidative-
stress-induced cell death. Using truncated-TIP47 (t-TIP47) whichlsevier B.V. All rights reserved.
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emphasize the importance of the N-terminal region in cell death
regulation. These data also raises a possible oncogenic property
of TIP47.2. Materials and methods
2.1. Materials
All the chemicals for cell culture, H2O2, isopropyl-b-D-thiogalac-
topyranoside (IPTG), Glutathione Sepharose 4B, methylthiazolyldi-
phenyl-tetrazolium bromide (MTT), propidium iodide (PI) and
rhodamin-1,2,3 (Rh-123) were purchased from Sigma–Aldrich
Kft (Budapest, Hungary). Fluorescent dyes 5,50,6,60-tetrachloro-
1,10,3,30-tetraethyl-benzimidazolylcarbocyanine iodide (JC-1), ﬂuo-
rescein-conjugated annexin V were fromMolecular probes (Leiden,
Netherlands). Bcl-2 overexpressing clones were ordered from RZPD
GmBH (Berlin, Germany). Mammalian vector pcDNA3.1 were pur-
chased from Invitrogen (Carlsbad, CA, USA), pEGFP-C1 vector was
from BD Biosciences (Franklin Lakes, NJ, USA).
2.2. Cell culture and sample preparation
NIH3T3 and HeLa cells were purchased from the American Type
Culture Collection (Manassas, VA). All cell lines were maintained in
Dulbecco’s modiﬁed Eagle’s medium (DMEM) supplemented with
10% fetal calf serum (FCS), 2 units/ml penicillin-streptomycin mix-
ture (Flow Laboratories, Rockville, MD) and incubated in 5% CO2–
95% air at 37 C. Cells were harvested and low-speed centrifuged,
then the pellet was dispersed by vortexing in lysis buffer (50 mM
Tris pH 7.4, 1 mM phenylmethylsulfonyl-ﬂuoride) for 10 min at
4 C. After further cell disruption in a Teﬂon/glass homogenizer,
the homogenate was pelleted, and the supernatant was measured
by bicinchonicic acid reagent and equalized for 1 mg/ml protein
content in Laemmli solution for Western blotting.
2.3. Western blot analysis
Protein (100 ng/lane) of cell culture or mitochondrion samples
were subjected to 12% (w/v) SDS/polyacrilamide gel electrophore-
sis (BioRad, Hercules, CA, USA). Immunoblots were blocked, and
developed with polyclonal anti-TIP47 antibody [13] or polyclonal
antibodies against the GA3PD, PDC-1a, Histon H1 proteins; and
horseradish-peroxidase-labeled secondary immunoglobulin G as
described in [15]. Protein bands were revealed by electrochemi-
luminescence (ECL) chemiluminescence system. All experiments
were repeated four times.
2.4. Construction of expression plasmids, expression and puriﬁcation of
TIP47
The whole open reading frame of TIP47 and t-TIP47 was cloned
into pGEX-4T-1 expression vector (Pharmacia, Uppsala, Sweden).
The TIP47- or t-TIP47-pGEX-4T-1 expression vectors were ﬁrst
transformed into E. coli DH5a then into Escherichia coli BL21 com-
petent host strain. Bacteria were induced with IPTG, and the ex-
pressed TIP47-glutathione S-transferase (GST) or t-TIP47-GST
fusion proteins were subsequently puriﬁed with Glutathione Se-
pharose 4B column (Pharmacia) in the presence of glutathione.
2.5. Stable transfection
Full length TIP47 cDNA and t-TIP47 cDNA were polymerase
chain reaction (PCR) ampliﬁed and the construct was subcloned
into a pcDNA3.1 (Invitrogen) mammalian vector containing a G-418 resistance gene. The vectors containing TIP47, t-TIP47 or the
empty pcDNA3.1 or pEGFP-C1 (BD Biosciences) vector was trans-
fected into NIH3T3 cells with Lipofectamin 2000 according to the
manufacturer’s protocol (Invitrogen). Cells were then grown in
selective media (10% FCS-DMEM containing 500 lg/ml G-418). Cell
clones were subsequently screened by Western blot analysis for an
increase in TIP47 protein expression relative to that in the pcDNA-
transfected cells. TIP47- or t-TIP47-overexpressing clones were se-
lected for further experiments.
2.6. Suppression of TIP47 expression by diced siRNA technique
The whole coding sequence of TIP47 was PCR ampliﬁed, double-
stranded RNA (dsRNA) was generated by the BLOCK-IT RNAi TOPO
Transcription KIT, the dsRNA was diced by BLOCK-IT Dicer RNAi
Transfection KIT and the result was diced small interfering ribonu-
cleic acid (dsiRNA). The whole procedure was done according to
the manufacturer’s manual (Invitrogen). HeLa cells were tran-
siently transfected with the dsiRNA in OPTI-MEM I Reduced Serum
Medium (Invitrogen) using Lipofectamine 2000 (Invitrogen). The
effect of suppression was tested by Western blot using polyclonal
anti-TIP47 primary antibody.
2.7. Cell viability assay
Cells were seeded into 96-well plates at a starting density of
104 cells/well and cultured overnight before H2O2 was added to
the medium at a concentration and composition indicated in the
ﬁgure legends. After the incubation period, the media were re-
moved and replaced with DMEM containing an appropriate
amount of the MTT solution (Chemicon Inc., El Segundo, CA) to
each well for 4 h. The MTT reaction was terminated by adding
HCl to the medium at a ﬁnal concentration of 10 mM. The amount
of water-insoluble blue formasan dye formed from MTT was pro-
portional to the number of live cells and was determined with an
Anthos Labtech 200 enzyme-linked immunosorbent assay reader
at 550 nm wavelength after dissolving the blue formasan precipi-
tate in 10% SDS. All experiments were run in at least four parallels
and repeated three times.
2.8. Determination of intracellular reactive oxygen species (ROS)
Intracellular ROS were determined using the oxidation-sensi-
tive 5-(and-6)-carboxy-20,70-dichlorodihydroﬂuorescein diacetate
(C-400) ﬂuorescent dye. Cells were seeded into 96-well plates at
a starting density of 104 cell/well and cultured overnight, and then
were subjected to 0, 0.5, 0.8, 1.0 or 1.5 mM H2O2 for 3 h. Cells were
rinsed, labeled with the ﬂuorescent dye for 15 min at 37 C,
and analyzed using Anthos Labtech 200 enzyme-linked immuno-
sorbent assay reader at 485 or 578 nm excitation and 555 or
597 nm emission wavelengths for C-400.
2.9. Detecting mitochondrial membrane potential (Dw)
The changes in Dw were assayed using JC-1 dye, which is taken
up by the mitochondria. Empty pcDNA-, t-TIP47-, TIP47- or Bcl-2-
transfected NIH3T3 cells were seeded at 1  106 cells/well in a six-
well plate containing coverslips and cultured at least overnight be-
fore the experiment. After subjecting the cells to the appropriate
treatment (indicated in the ﬁgure legends), the coverslips were
rinsed twice in phosphate buffered saline (PBS) then placed upside
down on the top of a small chamber formed by a microscope slide,
ﬁlled with PBS supplemented with 0.5% FCS and containing 5 lg/
ml JC1-dye (Molecular probes). Cells were imaged with an Olym-
pus BX61 ﬂuorescent microscope equipped with a ColorView
CCD camera and analySISR software using a 60 objective and epi-
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loaded with the dye for 15 min, then the same microscopic ﬁeld
was imaged ﬁrst with 546 nm bandpass excitation and 590 nm
emission (red), then with green ﬁlters. Under these conditions
we did not observe considerable bleed-through between the red
and green images.
2.10. Isolation of mitochondria for the in vitro study
Rats were sacriﬁced and the mitochondria were isolated from
the liver by differential centrifugation as described by a standard
protocol [16]. All isolated mitochondria were puriﬁed by Percoll
gradient centrifuging [17], and the mitochondrial protein concen-
trations were determined by Biuret method with bovine serum
albumin as standard. Dw was monitored by ﬂuorescence of Rh-
123, released from the mitochondria following the induction of
mitochondrial permeability transition (mPT) at room temperature
using a Perkin–Elmer ﬂuorimeter (London, UK) at an excitation
wavelength of 495 and an emission wavelength of 535 nm. Brieﬂy,
mitochondria at the concentration of 1 mg protein/ml were prein-
cubated in the assay buffer (70 mM sucrose, 214 mM mannitol,
20 mMN-2-hydroxyethyl piperasine-N0-2-ethanesulfonic acid,
5 mM glutamate, 0.5 mM malate, 0.5 mM phosphate) containing
1 lM Rh-123 and recombinant TIP47 for 60 s. Alteration of the
Dw was induced by the addition of calcium at the indicated con-
centration. Changes of ﬂuorescence intensity were detected for
4 min. The results are demonstrated by representative original reg-
istration curves from ﬁve independent experiments, each repeated
three times.
2.11. Annexin V-FITC assay
Fluorescent microscopy was performed to visualize the early
and late apoptotic cells. H2O2 treated cells were resuspended in
binding buffer and stained with annexin V-FITC/PI for 1–10 min,
the cells were then mounted over glass slide and observed under
ﬂuorescent microscope. The same microscopic ﬁeld was imaged
ﬁrst with 546 nm bandpass excitation and 590 nm emission
(red), then with green ﬁlters.
2.12. Flow cytometry analysis
Cell death was induced with 500 lM hydrogen-peroxide (Sig-
ma) for 3 h in sham-transfected, t-TIP47- or TIP47-overexpressing
NIH3T3 cells. After treatment, cells were rinsed and harvested. The
annexin V FLUOS staining kit (Roche Applied Science) was used to
stain cells with ﬂuorescent isothiocyanate-conjugated annexin V
and PI according to the manufacturer’s protocol. The cells were
analyzed by ﬂow cytometry on a BD FacsCalibur ﬂow cytometer
(BD Biosciences). Quadrant dot plots were created by Cellquest
software (BD Biosciences) to identify living and necrotic cells and
cells in the early or late phase of apoptosis [18]. Cells in each cat-
egory are expressed as a percentage of the total number of stained
cells counted and are presented as pie charts.3. Results
3.1. Effects of expression of TIP47 on the oxidative-stress-induced cell
death
To evaluate possible physiological functions of TIP47, we trans-
fected NIH3T3 cells that endogenously express TIP47 at low extent
with empty pcDNA3.1 vector, pEGFP-C1 and a construct with
pcDNA3.1 containing the full-length TIP47 or t-TIP47 cDNA. Effec-
tiveness of the transfection was assessed by immunoblotting uti-lizing a custom-made anti-TIP47 primary antibody as it was
described earlier [13]. Transfected cells were treated with
0–500 lMH2O2 for 24 h. Cell viabilities were measured by MTT as-
say and values were presented in a bar diagram. TIP47-overexpres-
sion signiﬁcantly increased TIP47 levels (Fig. 1A) and the resistance
of NIH3T3 cells against hydrogen-peroxide-induced cell death
(Fig. 1B) compared to the mock-, or t-TIP47-transfected cells and
even GFP-overexpressing cells, which were also used as controls.
As an opposite approach, we suppressed TIP47 expression by
dsiRNA technique in HeLa cells (Fig. 1C and D) that express TIP47
at high extent endogenously. Cells were monitored for 3 days.
TIP47 expression was detected by immunoblot analysis using the
polyclonal anti-TIP47 antibody (Fig. 1C). The highest level of
TIP47 silencing occurred on the second day after transfection. Con-
trol cells were transfected by anti-LacZ dsiRNA. Untransfected
cells, control cells and anti-TIP47 dsiRNA transfected cells were
incubated for 2 days, then the they were treated with 0–300 lM
H2O2 for 24 h before determining cell viabilities by MTT assay
(Fig. 1D). As compared to the mock-transfected wild type cells or
the LacZ siRNA control cells TIP47 suppression sensitized the cells
to hydrogen-peroxide-induced cell death (Fig. 1D) supporting the
idea that TIP47 might have a cytoprotective role.
3.2. Induction of apoptosis by H2O2 and etoposide in NIH3T3 cells
Using the differential ﬂuorescence between annexin V-5-ﬂuo-
rescein isothiocyanate (FITC) and PI, apoptosis and/or necrosis
was visualized in transfected cells. Annexin V binds to phosphati-
dylserine residues that appear at the outer surface of the cell mem-
brane as an early indicator of apoptosis, while the entry of PI into
the cell indicates loss of membrane integrity and so necrosis. To
easily detect the changes present in apoptosis we treated cells with
etoposide [19]. The untreated cells retained their morphology
throughout the procedure (Fig. 2A, 1–4). The cells were treated
with 500 lM hydrogen-peroxide (Fig. 2A, 5–7) or 50 lM etoposide
(Fig. 2A, 8) for 3 h. The results show that after treatment with H2O2
necrosis and late apoptosis were found to be induced in the mock-
and t-TIP47-transfected cells (Fig. 2A, 5 and 7). Mock transfected
cells after etoposide treatment or TIP47-overexpressing cells after
H2O2 treatment showed only green ﬂuorescence, hence early
apoptosis.
To determine the type of cell death, the cells were monitored
(Fig. 2B) with ﬂow cytometry. Mock-transfected (pcDNA), TIP47-
or t-TIP47-transfected NIH3T3 cells were treated with either
500 lM hydrogen-peroxide or 50 lM etoposide for 3 h and ana-
lyzed for annexin V-FITC/PI binding. Fig. 2B and C shows that
92.7 ± 1.75% of the mock-transfected (pcDNA) untreated cells were
intact (double-negative) while 4.5 ± 1.8% of them were necrotic (PI
positive), and 0.77 ± 0.31% of them were in early- (annexin V posi-
tive), and 2 ± 0.5% were in late (double-positive) apoptosis. TIP47-
overexpression by itself did not affect cell death. Treatment with
etoposide as a positive control of apoptosis was found to induce
early apoptosis in 26.625 ± 6.2% of the cells, afﬁnity towards an-
nexin V-FITC and devoid of PI staining. Treatment with hydro-
gen-peroxide increased the number of late apoptotic and necrotic
cells among the mock-transfected and t-TIP47-overexpressing
cells. When the TIP47-transfected cells were treated with H2O2,
the cells died mainly by early apoptosis 13.57 ± 1.5%, and the num-
ber of late apoptotic and necrotic cells decreased drastically
(10.03 ± 1.8% and 8 ± 2%). These results showed that overexpressed
TIP47 reduced cell death in NIH3T3 cells.
3.3. Localization of TIP47 in oxidative stress
To demonstrate the redistribution of TIP47 during the cell
death process, we performed immunoblot experiments on frac-
Fig. 1. Effect of TIP47-overexpression or suppression on the viability in oxidative stress. Level of TIP47 expression was assessed by immunoblot analysis: (A) Utilizing
custom-made anti-TIP47 primary antibody in mock-transfected (1), GFP-expressing (2), t-TIP47-overexpressing (3) or TIP47-overexpressing (4) NIH3T3 cells. (B) Mock-
(empty bars), TIP47- (light gray bars), t-TIP47- (full bars) and GFP- (dark gray bars) transfected cells were treated with 0–500 lMH2O2 for 24 h. Cell viabilities were measured
by MTT assay and values were presented in a bar diagram. (C and D) TIP47 was silenced by dsiRNA in Hela cells according to the manufacturer’s protocol. Cells were
monitored for 3 days, then TIP47 expression was detected by immunoblot analysis using the polyclonal anti-TIP47 antibody (C). Control cells were transfected by anti-LacZ
dsiRNA. Untransfected cells (empty bars), anti-TIP47 dsiRNA transfected cells (gray bars) and control cells (dark bars) were incubated for two days, then the they were treated
with 0–300 lM H2O2 for 24 h before determining cell viabilities by MTT assay (D). Values in (B) and (D) are expressed as % of the untreated mock-transfected cells,
means ± S.E.M. of four independent experiments. Data are expressed as mean ± S.E.M. *P < 0.05; **P < 0.01, and ***P < 0.001 compared to control values unless otherwise
indicated.
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Fig. 3A shows that in untreated HeLa cells, TIP47 was present
in the cytoplasm and not detected in the mitochondrial or the
nuclear fraction. However, upon a short exposure to oxidative
stress, there was a signiﬁcant increase of TIP47 protein in the
mitochondrial subfraction of the cells, accompanied by a slight
decrease in the cytosolic fraction. This data indicate that in
response to oxidative stress, TIP47 can relocate to the
mitochondria.3.4. Effect of recombinant TIP47 on the mPT and Dw in vitro
In order to demonstrate the direct effect of TIP47 on mPT, we
monitored Dw and mitochondrial swelling from isolated, Percoll
gradient-puriﬁed rat liver mitochondria. Supplemented calcium
(150 lM) induced the decrease of the Dw, as detected by the re-
lease of the membrane potential-sensitive dye, Rh-123, from iso-
lated liver mitochondria (Fig. 3B, line ‘‘control”). Adding TIP47 in
the 50–400 nM concentration range increased the Dw and reduced
Fig. 2. Visualization of apoptotic cells by ﬂuorescent microscopy and detection of apoptosis by ﬂow cytometry. (A) Mock- (1, 4, 5, 8), TIP47- (2, 6), t-TIP47-transfected (3, 7)
NIH3T3 cells were treated with 500 lM H2O2 (5–7) or 20 lg/ml etoposide (8) for 3 h and were ﬂuorescein-conjugated annexin V (green) and propidium iodide (PI) (red)
double stained. Representative images of three independent experiments are presented. The cells were then quantitatively monitored (B and C). Pie charts (B) demonstrate
the distribution of living (white), necrotic (dark gray), late apoptotic (black) and early apoptotic (light gray) cells. Dot-plots (C) were created from sham- (pcDNA), TIP47- and
t-TIP47-transfected cells treated or not with 500 lM H2O2 or 50 lM etoposide for 3 h. Horizontal and vertical axes represent annexin V and PI staining intensities. Lower left
quadrant; living cells, lower right quadrant; early apoptotic cells, upper left quadrant; necrotic cells, upper right quadrant; late apoptotic cells. Values are means of three
independent experiments.
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GST”). These ﬁndings were consistent with our data obtained un-
der in vivo conditions. Swelling of the mitochondria due to perme-
ability transition was demonstrated by the decrease of thereﬂectance of 540 nm light. In isolated liver mitochondria, the
swelling induced by 150 lM Ca2+ (Fig. 3C, line ‘‘control”) and it
was taken as positive control. To detect how the effect of Ca2+
can be blocked we used cyclosporin A (CsA), which is a well known
Fig. 3. Intracellular localization of TIP47. (A) Western blot analysis of cytosolic (C) mitochondrial (M) and nuclear (N) fractions of HeLa cell treated (H2O2) or not (control)
with 500 lM H2O2 for 3 h. Western blotting was developed as described previously using anti-TIP47 primary antibody, the cytosolic marker glycerinaldehyde-3-phosphate
dehydrogenase (GA3PD), the mitochondrial marker pyruvate decarboxylase-1a (PDC-1a) and the nuclear marker histon H1 (Histon H1). Photomicrographs demonstrate
representative blots of three independent experiments. (B, C) Effect of recombinant TIP47 on permeability transition and mitochondrial membrane potential (Dw) in isolated
mitochondria. (B) Membrane potential was monitored by measuring the ﬂuorescent intensities of the cationic ﬂuorescent dye Rh-123. Isolated rat liver mitochondria added
at the beginning of the measurement took up the dye in a voltage-dependent manner and quenched its ﬂuorescence. Proteins (GST, t-TIP47-GST, TIP47-GST) were loaded at
the ﬁrst arrow (*) and 150 lM Ca2+ added at the second arrow (+) facilitated depolarization, resulting in release of the dye and an increase of ﬂuorescence intensity.
Representative plots of three independent experiments are presented. (C) Permeability transition demonstrated by monitoring E540 in isolated rat liver mitochondria was
induced by adding 150 lM Ca2+ at the second arrow (+). Separately, 200 nM GST, t-TIP47-GST, TIP47-GST or 2.5 lM CsA were loaded at the ﬁrst arrow (*). Representative plots
of three independent experiments are presented.
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pletely inhibited by 2.5 lM CsA (Fig. 3C, line ‘‘control + CsA”).
TIP47-GST did not have any signiﬁcant effect on the mitochondrial
swelling in the same concentration range (Fig. 3C, line ‘‘TIP47-
GST”).3.5. Prevention of the hydrogen-peroxide-induced collapse of Dw by
TIP47
Depolarization of the mitochondria can be visualized in vivo
by using the membrane potential-sensitive dye, JC-1, and ﬂuores-
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pends on the Dw showing red (590 nm) or green (530 nm) ﬂuo-
rescence when the mitochondria are intact but loosing the red
component of the ﬂuorescence when the Dw is decreased. B-cell
lymphoma protein 2 (Bcl-2) is involved in the regulation of apop-
tosis with complex interactions among the Bcl-2 family mem-
bers. They control the signaling events of apoptosis upstream of
mitochondrial outer membrane permeabilization [21]. The
antiapoptotic property of Bcl-2 will make transfected cells more
resistant to oxidative stress, so we used it as positive control
for our experiment. Mock-, t-TIP47-, Bcl-2- and TIP47-transfected
NIH3T3 cells were treated for 3 h with 500 lM hydrogen-perox-
ide. In mock-transfected and t-TIP47-transfected cells, hydrogen-
peroxide treatment completely abolished the red ﬂuorescence,
and the mitochondria were visible as intense green spots
(Fig. 4E and G). Untreated, Bcl-2- and TIP47-overexpressing
NIH3T3 cells showed similar mitochondrial staining pattern as
the sham-transfected or t-TIP47-transfected cells (Fig. 4A–D),
but when treated with hydrogen-peroxide they showed only a
small reduction in the red ﬂuorescence intensity of the mito-
chondria (Fig. 4F and H) indicating that TIP47-overexpression
indeed prevented the hydrogen-peroxide-induced loss of Dw in
signiﬁcant extent.
3.6. Effect of TIP47 on ROS-production
We used the previously described cells to test the effect of TIP47
on cellular ROS-formation. We found, in agreement with our previ-
ous experience, that endogenous ROS-formation is hardly detect-
able in the untreated cell lines, so we induced ROS-production by
exposing the cells to different concentrations of H2O2 for 3 h
[22]. After washing off H2O2, we loaded the cells with the non-ﬂuo-
rescent reduced form of ﬂuorescent redox dye, C-400. The dye be-
came ﬂuorescent as it was oxidized by the intracellular ROS, so its
ﬂuorescence was proportional to the amount of ROS in the cells.
Regardless of the pre-treatment of the cells, we could not detect
any signiﬁcant difference among mock-, t-TIP47- and TIP47-trans-
fected cells indicating that TIP47 does not affect cellular pro-oxi-
dant levels and/or ROS-production (data not shown).Fig. 4. TIP47 protects NIH3T3 cells from apoptosis by hyperpolarizing the mitochondrial
transfected (D and H) NIH3T3 cells were treated with 500 lM H2O2 for 3 h (E–H). After
containing 1 lM JC-1 membrane potential-sensitive ﬂuorescent dye. After 15 min of lo
ﬂuorescent microscope equipped with a digital camera. The images were merged to dem
merged image. Representative merged images of three independent experiments are pr4. Discussion
We found earlier that TIP47 (or PP17b) is overexpressed in cer-
vical tumors [3,4,10–13]. We hypothesized that its lipid-trafﬁck-
ing-related function might not play a role in tumor development,
so we investigated its possible effect in the regulation of cell death.
We overexpressed TIP47 in NIH3T3 cell line that produces this pro-
tein in a very low extent endogenously and used its spliced variant,
the truncated-TIP47 (t-TIP47 or PP17a) for internal control. t-TIP47
was expressed in placenta [14] and it lacks 183 amino acids from
the N-terminus of TIP47. We found that TIP47 or t-TIP47-overex-
pression had no effect on the survival of NIH3T3 cells, but when
cells were exposed to oxidative stress TIP47-overexpression re-
sulted in increased cell viability while t-TIP47 had no protective
function at all (Fig. 1B). Interestingly, Orlicky et al. reported that
the N-terminal region of TIP47 is responsible for its lipid related
function [9].
To prove its speciﬁc effect we investigated the endogenous
rather than overexpressed TIP47 on the cell death process in HeLa
cell line that expresses TIP47 in a high extent (Fig 1C). Suppression
of TIP47 by dsiRNA technique reached it maximum on the second
day after transfection, but we also found, that complete TIP47
depletion could not be reached [7]. Nevertheless, suppression of
TIP47 made cells less viable to oxidative stress (Fig 1D) indicating
its speciﬁc effect on cell death.
To understand the cellular mechanism by which TIP47 protects
cells from oxidative stress we investigated the cell death in detail.
We found that in TIP47-overexpressing cells treated with H2O2 less
necrotic cell death occur; they rather showed the signs of early
apoptosis similarly to etoposide treated cells while the overexpres-
sion of t-TIP47 had no effect whatsoever (Fig. 2). Mitochondria play
a key role in the process of both apoptotic and necrotic cell death
[23]. The type of cell death occurring is related to the strength of
the insult. During mPT mitochondrial intermembrane proteins
could be released leading to cytochrome c-triggered apoptosis or
in case of the permeability transition pore-dependent failure of
ATP generation to necrosis [23]. Since we found that TIP47 can oc-
cur in the mitochondrial subcellular fraction of H2O2 treated cells
(Fig. 3A) we were concerned about its effect on mitochondria. In vi-membrane. Mock(pcDNA)- (A and E), TIP47- (B and F), t-TIP47- (C and G), and Bcl-2-
treatment, the medium was replaced with fresh medium without any agents and
ading, green and red ﬂuorescence images of the same ﬁeld were acquired using a
onstrate depolarization of Dw in vivo indicated by loss of the red component of the
esented.
2960 E. Hocsak et al. / FEBS Letters 584 (2010) 2953–2960tro we observed that TIP47 did not induce signiﬁcant swelling of
mitochondria, but it hyperpolarized the mitochondrial membrane
while t-TIP47 evoked no such effect (Fig. 3). By using a Dw-sensi-
tive ﬂuorescent dye, JC-1 in NIH3T3 cells we conﬁrmed that TIP47
could stabilize Dw (Fig. 4). Several proteins exist that stabilize the
mitochondrial membrane. Endothelin-1 has been reported to be a
potent survival factor against myocardial cell death [24]. Mpv17l
overexpression can also stabilize the mitochondrial membrane,
but it also forms complex with HtrA2 that is capable of sensing
and regulating ROS net balance in response to internal and external
stress [25]. Since the increase of ROS generation can result in the
collapse of the inner Dw and subsequent membrane permeabiliza-
tion with the release of cytochrome c into the cytosol, and so the
triggering cellular apoptosis cascades, we determined the effect
of TIP47 on intracellular ROS-formation. Surprisingly, we could
not observe any signiﬁcant difference between controls or t-
TIP47-transfected or TIP47-overexpressing cells indicating that
TIP47 did not contribute to ROS-formation (data not shown).
Free fatty acids are able to induce apoptosis not only by in-
creased ROS-formation, but through other different pathways. Ura-
hama et al. found that in kidney proximal tubular cells the
reduction of TIP47 levels led to an increase in free fatty acid-in-
duced apoptosis by augmenting their storage as lipid esters in
LDs [26]. Although the exact molecular mechanism of action of
TIP47 was not yet elucidated we speculate that free fatty acid-in-
duced apoptosis did not affect our results, since recombinant
TIP47 in vitro could also stabilize the Dw.
According to our result TIP47 can stabilize the mitochondrial
membrane and inﬂuence cell death without affecting intracellular
ROS-formation. This function of TIP47 might be related to its N-ter-
minal sequence. Overexpression of TIP47 could be a serious advan-
tage for tumor cells to grow. As we have earlier shown, there is a
correlation between the invasiveness of a cervical tumor and the
amount of TIP47 in the cells and the sera [13]. Using our new re-
sults we can better understand how and why would elevated
TIP47 levels result in the progression of cervical tumors, but still
further studies are required to exploit this property of the protein
in the ﬁght against cancer.
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